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Abstract 
The Pennsylvania Department of Transportation defines aggressive driving as "the operation of a motor vehicle in a manner that 
endangers or is likely to endanger persons or property.”  Though aggressive driving is not classified as a road rage (i.e., a 
criminal offense, nor a traffic violation), crash statistics shows that during 2014, approximately 52% of fatal crashes in the 
Pennsylvania Delaware Valley region were due to aggressive driving. Therefore, it is necessary to explore and investigate 
patterns of aggressive driving behavior as a way of helping to identify potential problem drivers and create a sustainable driving 
behavior.  Five year crash dataset is analyzed to find common factors associated with the aggressive driving. The study also 
includes statistical analysis among aggressive crash features (e.g., type, severity level), roadway features (operation and 
geometric), and driver’s behavior. The analysis results will help develop countermeasures to address aggressive driving.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction 
Based on national statistics from the National Highway Traffic Safety Administration (NHTSA) it is apparent 
that aggressive driving is highly related to the crash fatality rate.  From 2008-2012, there have been 1,199 fatal 
crashes that resulted in 1,380 total fatalities [1].  The number of fatal crashes caused by aggressive driving increased 
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from 179 to 299.  During this same time, the number of fatal crashes in the United States dropped from 34,172 in 
2008 to 31,006 in 2012 [2].  While efforts have been put forth to reduce the number of roadway fatalities, more 
work can be done to reduce aggressive driving behavior and promote a sustainable environment.  An outreach 
program from NHTSA exists that is targeted to prosecutors with national statistics and talking points.  The Delaware 
Valley Regional Planning Commission’s (DVRPC) Regional Safety Task Force Aggressive Driving Subcommittee 
seeks to provide information to create a clear understanding of identifiable patterns of aggressive driving behavior as 
a way to help identify potential problem drivers.  The purpose of the committee is not to re-invent this program, but 
instead to further the efforts of the existing programs by conducting an in-depth analysis of the crash database.  The 
subcommittee was established to reduce roadway crashes, injuries, and fatalities in the Delaware Valley.  This paper 
outlines research performed to investigate the specific environment of crashes to see if engineering fixes were 
available that would reduce the opportunity for aggressive driving behaviors.  Using crash data from 2010-2014 
provided by the Pennsylvania Department of Transportation (PennDOT), the focus of this research is on the five 
Pennsylvania counties serviced by DVRPC (Bucks County, Chester County, Delaware County, Montgomery 
County, and Philadelphia County).  The fields in PennDOT’s crash database that was provided included roadway 
functional classification, speed limit, roadway geometric features, and contributing factors.  In addition to the crash 
analysis, a survey of Villanova student peers was conducted to determine the concept and consequences of 
aggressive driving.   
2. Background 
Aggressive driving is a major contributor to vehicle crashes and can be seen in Figure 1 below.  Using the 2014 
crash data provided by PennDOT, it can be seen that 55% of all crashes in the five counties were caused by 
aggressive in 2014.  Additionally, of all the fatalities in these five counties in 2014, 52% of these fatalities were 
caused by aggressive driving behavior.  Over half of the total crashes and fatalities in 2014 were caused by 
aggressive driving, so efforts to curtail this behavior can greatly reduce the number of crashes.  Currently, there are 
efforts in Pennsylvania to reduce this behavior.  The Pennsylvania Aggressive Driving Enforcement and Education 
Project (PAADEEP) is an initiative that utilizes crash data to pinpoint high-risk locations for aggressive driving and 
uses education and enforcement tools to reduce the number of aggressive driving-related crashes.  According to 
PAADEEP and PennDOT, two or more factors must be listed for a crash to be considered aggressive driving.  These 
factors include activities such as tailgating, running red light, careless passing or lane change, speeding, driving too 
fast for conditions, turning from wrong lane, and sudden slowing/stopping.  PAADEEP’s current focus was kicking 
off the 2015-2016 grant year with wave 1 of their aggressive driving monitoring.  With over 225 municipal police 
agencies and the Pennsylvania State Police scheduled to participate and monitor 450 roadways throughout the state, 
the focus was on driving on the right side of the roadway.  Additionally, enforcement agencies monitored roadways 
for motorists taking part in other aggressive driving behaviors, such as driving too fast for conditions and following 
too closely [3].  DVRPC is also investigating ways to reduce aggressive driving; an example is identifying 
congested locations where signs or other communication technologies would be useful in educating drivers on 
managing congestion-related stress.  This would not only involve educating drivers, but also using engineering to 
create safer roads where drivers would be less likely to partake in aggressive driving [4].  
 
The focus of the research of this paper is on the five Pennsylvania counties serviced by DVRPC, which are 
Bucks, Chester, Delaware, Montgomery, and Philadelphia Counties.  These five counties are serviced by PennDOT 
District 6 and contain both rural and urban areas, such as Philadelphia.  A network of arterial roads runs through 
these counties, such as Interstates 76, 95, and 476, where high speeds and movement occur.  In addition to these 
counties, DVRPC also services Burlington, Camden, Gloucester, and Mercer Counties in New Jersey.  
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Fig. 1. 2014 aggressive driving crash numbers. 
3. Literature Review 
NHTSA has taken an active role on reducing aggressive driving at a national level and has put together an 
extensive resource library on promoting real examples of enforcement, education, and engineering fixes for 
aggressive driving.  NHTSA studied the motivations for speeding, which is one of the main behaviors of aggressive 
driving.  Based on the results of this study, it was determined that it is relatively common for drivers to have at least 
some speeding on a given trip, and weekend and morning trips are more likely to be associated with speeding.  The 
investigation also showed that there were different subtypes of drivers when it comes to speeding.  Incidental/non-
speeders are those who speed on a few number of trips and for small portions of those trips, while situational 
speeders are those who speed a lot on a small number of trips.  Casual speeders speed a small amount on a large 
proportion of their trips and habitual speeders speed regularly and for most of their trip.  Unfortunately, this study 
could not determine solutions to address speeding since there are different types of behavior [5]. 
 
In 1998, the Milwaukee, Wisconsin Police Department was awarded the Aggressive Driving Demonstration 
Grant by the U.S. Department of Transportation and NHTSA to study aggressive driving and provide information 
and enforcement results to all law enforcement agencies in the United States.  The Aggression Suppression Program 
included a public awareness campaign focusing on specific aggressive driving actions, heightened and innovative 
enforcement, training officers in the enforcement of aggressive driving offenses, and an evaluation of program 
efforts and results.  The results of this program generated innovative ways of enforcement, including in-vehicle 
video cameras, plain clothed police offers, laser speed detection devices, electronic display boards, and 
unconventional patrol vehicles.  Extensive media coverage was performed, and there was a large percentage 
increase in the number of citations issued the following year [6]. 
 
In 2005, NHTSA and the U.S. Department of Transportation selected Washington as the site for a pilot program 
using education, enforcement, media, and evaluation to reduce fatalities and injuries resulting from cutting off, 
tailgating, and speeding around trucks.  This program, called Ticketing Aggressive Cars and Trucks (TACT) 
produced road signs and radio advertisements to convey the message of leaving more space when merging in front 
of, or passing, trucks.  Additionally, law enforcement also stepped up more and took a more active role in looking 
out for aggressive driving behaviors.  The results of this pilot program showed success at every step of the process, 
including messaging, educating drivers, and observed behavior [7]. 
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Of the drivers involved in aggressive driving, young drivers (ages 16-21) are the most likely to be involved in 
crashes caused by aggressive driving.  The National Highway Traffic Safety Administration notes that, in 2010, 
motor vehicle traffic crashes were the number one leading cause of death among young drivers [8].  Additionally, 
NHTSA notes that young drivers are more likely to partake in speeding than other age demographics [4]. 
4. Pennsylvania Aggressive Driving and Crashes 
Identifying the locations of frequent aggressive driving crashes is the first step for establishing countermeasures 
that could be used to reduce the opportunity for aggressive driving behaviors.  To this end, crash location maps for 
each of the five counties would need to be created to locate areas experiencing high levels of aggressive driving 
behavior.  In addition, an investigation of the economic impact of these crashes was performed to highlight the 
impact these types of crashes cause.  After the heat maps were generated, potential engineering fixes could be 
developed based on the location features identified.  To further understand the level of knowledge of aggressive 
driving among younger drivers, who are the major age group contributing to aggressive driving crashes, a survey 
was also performed on Villanova student peers to determine the concept and consequences of aggressive driving. 
 
4.1. Pennsylvania Delaware Valley Heat Maps 
 
To identify areas experiencing multiple instances of aggressive driving behavior, heat maps were generated for 
each of the five counties pinpointing the locations of the fatalities and major injuries from 2010-2014.  Figure 2 
below shows the results of the plotting for each of the counties, where red dots indicate fatalities and blue dots 
represent major injuries.  Based on the heat maps, it is apparent that the areas that experience the most number of 
aggressive driving-related crashes are high-speed arterial roadways.  These high functional class roads, such as 
Interstate 95, Interstate 76, and Interstate 476 are popular traveling roads that have high speed limits, making it more 
likely to experience aggressive driving.  Philadelphia county experienced the most fatalities and major injuries from 
2010-2014 with 234 fatalities and 573 major injuries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Bucks county; (b) Chester county; (c) Delaware county; (d) Montgomery county; (e) Philadelphia county. 
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Additionally, all crashes from all five counties were separated according to the crash cause and crash type, which 
can be seen in Table 1 below.  The results show that 98% of all crashes are caused by driver action, which indicates 
that nearly all of the crashes are the result of drivers exhibiting aggressive driving behavior.  Of these driver action 
crashes, 25.7% were caused by vehicles driving too fast for conditions and 18.4% were caused by improper or 
careless turning.  These two crash cause types produced the highest number of aggressive driving crashes and should 
be the focus in reducing these crashes. 
 
Table 1. Aggressive driving top five crash causes for years 2010, 2011, 2013, and 2014.  
Crash Cause (% of All 
Crashes) Prime Factor Number of Crashes (% of Crash Cause) 
Driver Action  
(98%) 
1) Driving too Fast for Conditions 19,243 (25.7%) 
2) Improper/Careless Turning 13,764 (18.4%) 
3) Proceeding W/O Clearance After Stop 6934 (9.3%) 
4) Tailgating 6833 (9.1%) 
5) Running Red Light 5746 (7.7%) 
Environmental/Roadway 
Potential Factors 
(2%) 
1) Slippery Road Conditions (Ice/Snow) 1037 (63.8%) 
2) Other Weather Conditions 107 (6.6%) 
3) Deer in Roadway 97 (6.0%) 
4) Obstacle on Roadway 75 (4.6%) 
5) Other Roadway Factor 74 (4.6%) 
Pedestrian Action 
(0.2%) 
1) Entered or Crossing at Specified Location 50 (49.5%) 
2) Walking, Running, Jogging, or Playing 38 (37.6%) 
3) Other 6 (5.9%) 
4) Approaching or Leaving Vehicle 4 (4.0%) 
5) Standing 2 (2.0%) 
Possible Vehicle 
Failures 
(0.1%) 
1) Brake System 84 (45.4%) 
2) Tires 52 (28.1%) 
3) Power Train 12 (6.5%) 
4) Steering System 9 (4.9%) 
5) Headlights 5 (2.7%) 
 
 
4.2. Economic Analysis 
An economic analysis detailing the cost of aggressive driving-related crashes was performed by county for each 
of the data years, and can be seen in Figure 3 below.  The types of crashes considered were ones with fatalities, 
major injuries, moderate injuries, minor injuries, and property damage only.  The dollar values for each of the crash 
injury levels were provided by PennDOT.  In total, these five counties combine to spend between 1.4 and 1.9 billion 
dollars per year on aggressive driving-related crashes.  Philadelphia is the county in this area with the most number 
of fatalities and major injuries, so it also experiences the worst economic loss of the five counties. 
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Fig. 3. Economic impact of aggressive driving crashes per county. 
4.3. Engineering Fixes 
Based on the heat maps generated from each of the counties, it became apparent that the majority of aggressive 
driving-related crashes occurred on arterial roads.  One of these highways is Interstate 76, which can be seen in 
Figure 4a below.  While engineering fixes might not be possible on these roads due to the high speed and multiple 
lanes, there are fixes possible for local roads.  Figure 4b shows Route 73 in Montgomery County, a two-lane local 
road with direct access to homes.  This road experienced multiple aggressive driving-related crashes over the past 
five years, and one factor may be the speed limit of this road, which is set at 50 mph.  This speed limit is set too high 
for a local road serving as an access road for people’s homes, so a speed reduction on this road might curtail 
aggressive driving.  A speed limit of 35 or 40 mph might be more applicable here.  Additionally, Figure 4c shows 
another two-lane local road known as Route 82 in Chester County that experienced multiple aggressive-driving 
related crashes.  Route 82 is a narrow, windy road with nearby homes and currently no signage, so applying advance 
curvature or warning signage here will notify drivers to slow down and take extra precaution on this road.  It is small 
engineering fixes like this that can reduce the number of crashes due to aggressive driving.  Low-cost improvements 
such as these can create more sustainable roadways by decreasing the number of aggressive driving crashes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Examples of engineering fixes (a) I-76 in Montgomery county, (b) Route 73 in Montgomery county, and (c) Route 82 in Chester county. 
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4.4. Survey Results 
A survey of student peers was handed out to determine young adult’s views on the concept and consequences of 
aggressive driving.  Figure 5 shows the peer responses to the question of what behavior is considered to be 
aggressive driving.  While all of the answers are aggressive driving, it can be seen that the views of young drivers 
(ages 16-21) vary when it comes to describing aggressive driving.  While tailgating and frequent lane changing 
received the most votes, speeding, a common behavior resulting from aggressive driving, was among the lowest 
responses.  Figure 6 shows the peer responses to the question of the most likely age group of drivers in most of the 
aggressive driving crashes.  Most of the young peers view young adult drivers (ages 22-35) as the most likely to be 
involved in aggressive driving-related crashes, while the correct answer is young drivers themselves being most 
likely.  The combination of these two questions reveals that young drivers are unaware of aggressive driving 
behavior and unaware they are possibly committing it themselves.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Survey question:  Which answer(s) do you think best describes the behavior(s) considered to be aggressive driving?  Check all that apply. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Survey question:  Which do you think best describes the most likely age group of drivers in most of the aggressive driving crashes? 
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5. Conclusions 
Based on the results of this research, it is apparent that, based on the data from the five Pennsylvania counties, 
aggressive driving is a major crash issue that is costly in terms of lives and economic worth.  Millions of dollars of 
economic loss are occurring in crashes that are caused 98% of the time by driver action.  Educating drivers on the 
dangers and risks of aggressive driving is a priority because drivers themselves are the cause of the crashes.  The 
survey performed on young driver peers shows that young drivers are unaware of all the behaviors considered to be 
aggressive driving.  Educating these young drivers right away will encourage a sustainable environment by 
discouraging a new generation of drivers from performing aggressive driving maneuvers.  Education will certainly 
assist in bringing down the number of aggressive driving crashes, but engineering can also be used to protect drivers 
from aggressive driving.  While most of these crashes in the five Pennsylvania counties occurred on arterial roads, it 
is the local roads that can be improved upon using engineering.  Simple fixes like reducing the speed limit or posting 
warning signage can alert drivers to slow down and judge their actions on the roadway, which can lead to a more 
sustainable road system.  The survey results show that educating young drivers even more should be a priority 
because they are not only the ones most susceptible to aggressive driving behavior, but also they are not fully aware 
of behavior considered to be aggressive driving. 
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